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As far back as 1870, i.e., about 150 years ago, Jules Verne described the accumulation of debris in
the convergence zone of the North Atlantic Ocean in his famous novel entitled “Twenty Thousand
Leagues under the Sea.” Many scientific reports have addressed this topic since and our main
concern today is the ever increasing volume of marine litter invading the oceans in various and
complex ways. One of the current main challenges is assessing the final destination of this litter. To
date, its adverse effects on marine life have only occasionally been investigated and many questions
remain unanswered. In addition to efforts to monitor and reduce litter, recent literature has
underlined the scientific community’s focus on specific issues such as (i) the evaluation of sources
and inputs, (ii) transport and distribution at sea, (iii) the transport of litter and, in particular, plastics
within the food web, and (iv) the types of chemicals and organisms likely to sorb or settle on debris
and how they can be rafted over long distances. It is important to address these questions in a more
detailed manner.
EXTENT OF MARINE LITTER POLLUTION
A recent study evaluated globally the amount of litter entering the oceans every year at between
4.8 and 12.7 million tons for plastics alone (Jambeck et al., 2015). Little information exists
however on the global freshwater input, with high quantities reported, up to 106 particles/m3 in
developed countries (Dris et al., 2015a). Atmospheric inputs, also, cannot be ignored. Suggested
first to explain the high densities of particles found in a remote mountain lake in Mongolia
distant from urban sources (Free et al., 2014), atmospheric fallout was estimated for the first
time to better understand fluxes of microplastics to the watershed of the Seine river in Paris
(Dris et al., 2015b). Microplastics fallout ranged from 29 to 280 particles m-2 day-2 (average
118, fibers accounting for 90% of the total particles) depending on the period when rainfall
occurred. This will support new research, enabling a better understanding of fluxes to the oceans.
Various recent studies (Eriksen et al., 2014) have revealed that the well-recognized oceanic gyres,
improperly defined as “plastic continents,” are less affected than coastal areas such as the Bay
of Bengal and Mediterranean coast. Modelers will then need to focus on coastal areas, where
transport mechanisms appear to be more complex; this could help explain observed patterns of
debris travel and stranding. Locating deep-sea accumulation areas is another challenge. Recent
assessments of floating large debris and microparticles (Eriksen et al., 2014; Cózar et al., 2015) have
shown that quantities located on the surface are limited and that the presence of sinks should be
considered.
The deep-sea floor is probably a final global sink for marine litter. However, long-term data
is scarce and does not show any clear or significant trends with regards to variations in debris
quantities (Law et al., 2010 for microplastics and Figure 1).
Recent litter evaluations in open oceans, resulting from 248 dives/trawls at deep sea sites
(seamounts, banks, mounds, and ridges) in the Atlantic Ocean around Europe, together with
concentration measurements above the Arctic Circle, indicate respective densities of 180 and 36.5
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FIGURE 1 | Density of litter collected on the sea floor between 1994 and 2014 in the Gulf of Lion, Mediterranean Sea. Litter (mean values for 70 sites) was
collected during the Mediterranean International Bottom Trawl Surveys (MEDITS) dedicated to fish stock assessments, using a stratified sampling scheme (protocol at
http://www.sibm.it/SITO%20MEDITS/principaleprogramme.htm) and 20mm mesh. Results are expressed in items/ha.
plastic debris items per square km (Pham et al., 2014). Other
studies in the Indian Ocean and Atlantic Ocean indicate densities
of 555 and 483 debris items per square km (Woodall et al., 2015).
The volume of litter in the threemain oceans, which cover a deep-
sea surface area of 300,875,000 square km (worldatlas.com), may
range roughly from 10,982,000.00 (#11 billion) to 54,157,500,000
(#54 billion) items, excluding the Arctic and Antarctic Ocean,
where litter is less frequent (Barnes et al., 2009).
Regarding coastal waters, 6631 samples collected during 14
surveys from relevant areas (California, Japan, Hawaii, China,
Korea, Florida, the North Sea, Azores, Portugal, the Gulf of
Mexico, Brazil, and Red Sea) indicate a mean and balanced
concentration of 723 plastic items/square km. As the average
margin area is 84,245,000 km2 (worlsatlas.com), this represents
60,909,135,000 items (#61 billion). Taking into account the
additional 525,615,958 (#0.5 billion) plastic items over an area
of 2,936,000 km2 in the Mediterranean and Black Sea found (295
samples collected during seven surveys), we obtain a very rough
estimated global range of 71.5–116 billion large plastic debris
items on the sea floor, without consideration tomicroplastics that
are largely distributed in deep sea sediments (Van Cauwenberghe
et al., 2013; Woodall et al., 2014). More accurate estimates, also
taking into account weight, is the next challenge. Moreover, the
location of deep sea floor debris needs to be more precisely
pinpointed; although debris is present on all ocean floors, we do
not possess any inventories of significant debris accumulation
in deep and remote areas. We know very little about deep
sea currents and probable deep convergence zones. Additional
“patches of plastic” and “deep sea gyres” remain to be discovered.
The fragmentation of floating plastics is related to weathering.
The physical disintegration of the weakened material is due
to winds and waves, or fouling. The degradation rates of
polymer-type chemical additives and environmental factors (UV
radiation, temperature, oxygen, ph) may vary considerably
depending on the marine habitat (i.e., beaches, surface water,
deep-sea, or sediment). Furthermore, biofilms are developing on
plastics at sea, which play a vital role in degradation (Dussud
and Ghiglione, 2014). We know nothing about the kinetics of
polymer degradation in dark, deep-water environments, where
water temperature and oxygen content are far lower. Although
low-density particles tend to float on the sea surface, biofouling
can increase the density of plastics, causing them to sink
(Morét-Ferguson et al., 2010; Zettler et al., 2013); this partly
explains the low estimates to date on open-ocean surfaces
(Eriksen et al., 2014). However, the situation is probably more
complex, since after sinking, biofilms, and fouled organisms
may not survive or be grazed, disappearing and enabling
vertical movements of particles back to the surface. Alternatively,
aggregate microparticles in organic matter (i.e., marine snow)
may be a route to deep sea sediment (Van Cauwenberghe et al.,
2013), although the presence of microplastics in aggregates
remains to be demonstrated.
Although scientists have focused on microplastics in recent
years, the study of smaller debris has proved difficult due
to limited methods. The next step will consist of designing
and developing detection methods enabling the quantification
of nanoparticles. Microplastics represent just 10% of the total
weight of floating plastic particles (Eriksen et al., 2014). This
Frontiers in Marine Science | www.frontiersin.org 2 October 2015 | Volume 2 | Article 87
Galgani Marine litter, future prospects for research
percentage may be lower for nanoparticles. Then, in view of
the specific impact potentially caused by chemical release, larger
debris are more important and should be a priority study topic.
On the contrary, in view of the dispersion of rafted debris,
the vast quantities of small particles (5 trillion microplastics,
Eriksen et al., 2014) and nanoparticles must equally be given
priority status, as quantities may be even higher than currently
thought.
POSSIBLE IMPACTS OF MARINE LITTER
Entanglement, which is often caused by ghost fishing gear, is one
of the most damaging effects of debris, although to a lesser extent
than microplastics, and can represent up to 0.5% of captures,
depending on species and locations. Furthermore, in view of
the economic value of nets, which can be repaired and recycled
(Macfayden et al., 2009), the rationalization of fishing practices
through retrieving debris in large fishing areas helps prevent the
loss of nets and assists their recovery.
Transfer through Trophic Levels?
Numerous surveys have reported the introduction of plastics and
other types of debris into the marine food web through ingestion
by marine organisms, ranging from zooplankton to major
predators. Regarding microplastics, 45 fish and invertebrate
species, including deep sea species, and 56 bird species, have
been found to ingest microplastics (GESAMP, 2015). Although
this phenomenon may be widespread, there appears to be
a low incidence and disparities between species, approaches,
authors, and sites depending on the reports (Van Cauwenberghe
et al., 2015). Current methodological achievements include the
harmonization of sorting and quantification techniques for
stomach content, together with newly-derived indexes. Scientists
are also currently focusing on the risk of plastic transfer via
food chains. The digestion time for ingested particles ranges
from several hours in the case of planktonic species (Cole
et al., 2013) to 2 weeks on average in the case of sea-
turtles (Camedda et al., 2014) and retention efficiency rate
is 0.003% in mussels only, (Van Cauwenberghe et al., 2015)
thus strongly reducing the risk of transfer to predators. A
survey conducted on mussels several years ago described the
translocation of microparticles in tissues and phagocytosis in
cultivated cells (Browne et al., 2008; von Moos et al., 2012).
However, this topic remains open to discussion, as it is difficult
to understand how a process such as digestion, the purpose
of which is to degrade tissues into molecules, oligomers, and
polymers to ease transfer, can allow the translocation of larger
particles (more than 10µm) through intestinal brush borders
or gill cells, when the internal body is protected from other
types of particles like sand or pelites, that are excreted from
microplastics (Devriese et al., 2015). Nevertheless, ingested debris
clearly interfere with the digestion process and physiology. This
issue is particularly serious in terms of public health, in that
many impacted species are sold for consumption. Indeed, filter-
feeding shellfish have been shown to ingest substantial quantities
of microparticles (Van Cauwenberghe and Janssen, 2014; Van
Cauwenberghe et al., 2015). However, some species appear to
represent a lesser risk, as people generally avoid eating fish
digestive glands.
Persistent organic pollutants (POPs) may be transferred or
bioaccumulated due to the high capacity of many plastics
to sorb lipophilic compounds (Rochman et al., 2013). Some
chemicals have a low solubility capacity in sea water and tend to
migrate into water microlayers where they may be biomagnified.
PCBs, DDEs, and phenanthrene sorb onto debris, with partition
coefficients ranging from 13,000 to 1,000,000 in sea water (Engler,
2012). Most of these endocrine-disrupting chemicals have a
potentially harmful effect on organisms, thus affecting population
viability (Teuten et al., 2009). However, the definition of the
total level of contaminants available to organisms still remains an
issue, the highest amounts of litter absorbed contaminants being
far lower than the amounts of chemicals dissolved, accumulated
in sediments or ingested through feeding. On beaches for
example, direct contact withmicroplastics remains scarce, as they
may only constitute a small proportion of particles, whereas sand
adsorb chemicals in a larger extent (Galgani et al., 2011). In some
cases (Koelmans et al., 2013) bioaccumulation may be reduced
due to a “dilution” of contaminants and “cleaning” mechanisms
through microplastic ingestion.
Plastic additives (PAs), which are added in various quantities
to polymers, may leach out of the matrix with time and have
toxic and endocrine disruptive effects onmarine organisms when
ingested (Oehlmann et al., 2009).To date, concentrations of these
components at sea remain very low (Flint et al., 2012) and may
not be relevant in terms of chronic contamination and effects.
FIGURE 2 | Bryozoa (Electra angulata Levinsen, 1909) fixed on a
Mediterranean floating plastic collected in the Northern Tyrrhenian
Sea (47◦32′02N/09◦32′16E). Pelagic plastic items are commonly colonized
by a diversity of encrusting and fouling epibionts. Most of these are sessile,
hard-shelled or crustose organisms, with predominant bryozoans (Gregory,
2009). Plastic samples were rinsed in salted, distilled water (38 psu), fixed in
ethanol containing a grading concentration of HMDS (HexaMethylDiSilazane),
then glued and metallised on a filter using gold-Palladium prior to observation
using a Side Scan electronic microscope (Hitachi S-3400N) under secondary
vacuum and 10 kV acceleration as described by Antonelli et al., 2010 (credit
M. Garrido and Y. Quilichini, University of Corsica, 2015).
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Litter Transport
The hydrophobic surface of plastic marine debris stimulates
microbial colonization, producing what is referred to as
“microbial reefs,” where they may contribute to the self-
breakdown or degradation of plastics (Dussud and Ghiglione,
2014).
The large amounts of debris released into the ocean
have greatly increased quantities of rafting material, hence
increasing opportunities for the dispersion of many and various
marine organisms (Deudero and Alomar, 2015). Although
microorganisms and fish pathogens may fix on various surface
areas including plastics (Harrison et al., 2011; Pham et al., 2012),
toxic dinoflagellates were shown to be transported on plastics
as far back as 2003 (Maso et al., 2003) and particle dispersion
may favor the dispersion of these species, which may be toxic to
humans. More recently, microorganisms from the Vibrio family
were also shown to be capable of rafting through plastics and
microplastics (Zettler et al., 2013). The next step will consist
of listing species associated with litter and assessing the impact
of these various mechanisms on the dispersion of toxicity and
pathogenicity.
Finally, ocean litter may impact populations and support the
colonization of new habitats. Good examples of these include
insects such as Halobates micans, which use plastic pellets
as oviposition sites (Goldstein et al., 2012), or the benthic
foraminifer Rosalina concinna, which colonize floating plastics
in the planktonic (Tretomphalus) stage and reproduce when
surface waters are at temperatures above 18◦C (Jorissen, 2014).
Understanding the wide-scale transport of debris and associated
species and to what extent it influences species assembly, endemic
species and ecosystems (Figure 2), will provide us with a better
understanding of connectivity between remote areas.
RECOMMENDATIONS
Due to the lack of standardized protocols for debris detection,
sampling and extraction, the comparability of available data
must be improved with respect to different sizes, classes,
and categories (including nanoplastics), sampling procedures,
analytical methods and reference materials. Surveys may require
the development or refining of regional and coastal models,
characterized by higher spatial and temporal resolutions, in
order to better evaluate the budgets required for marine litter
campaigns and locate “hot spots.” In order to support future
reduction measures and strategies, we need to improve our
knowledge of the persistence of plastics at sea, be capable of
describing degradation and biodegradation processes in full,
assess the relative importance of microorganisms and develop
markers/indicators to measure plastic lifespan at sea.
Investigating the impact of marine litter on all trophic levels
of marine biota on a similar temporal and spatial scale is a matter
of increasing urgency. With regards to biodiversity, it is essential
to focus research on ingestion, bioaccumulation and possible
transfer through the food web and to deeper waters. In order to
study the effects of marine litter on marine populations, we must
also develop methods to estimate mortality rates and effects on
population dynamics.
The next step should logically consist of identifying highly-
vulnerable species in terms of toxic, chemical, and biological
effects. This will support targeted investigations and the ranking
of factors (chemicals, litter types, toxic species, etc.). We will
also need to fully comprehend ecological impacts on marine
organisms. Understanding the ecology of microbial and marine
life in environments affected by litter using the so called “-omics”
will also help us understand (i) the role of litter in alien invasions
and/or invasive species through unsuitable habitats, and (ii)
potential risks of pathogenicity.
Finally, most countries and managers are currently
implementing comprehensive measures and reforms relating to
marine litter, ranging from waste prevention to environmentally-
friendly waste disposal. Various, mainly preventive measures,
such as recycling, banning plastics bags, improving port
reception facilities and incentives/disincentives relating to
littering, together with curative actions such as beach cleaning,
fishing for litter and cleaning inland pathways, have recently
been experimented and implemented. Nonetheless, assessing
the cost of plastic litter in the marine environment in economic,
environmental, and human health terms remains a challenge
to be addressed before considering additional solutions. We
may need to rely on new concepts, such as the discovery of
eco-friendly materials. This is food for a new debate.
The author is also of the opinion that the full extent of
economic, environmental, and health impacts need to be assessed
before viable solutions can be considered.
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